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Objectives. This study assessed retrospectively the correlation 
between the pattern of precordial ST segment depression on the 
admission electrocardiogram (ECG) and hospital mortality in 
patients with an inferior myocardial infarction treated with 
intravenous thrombolytic therapy. 
Background. Previous tudies have shown that in acute inferior 
myocardial infarction, ST segment depression i  the precordial 
leads is associated with increased hospital mortality. However, the 
significance of the different patterns of precordial ST segment 
depression has been evaluated in only two previous tudies. 
Methods. The study included 1,321 patients (1,020 men) who 
enrolled in the Global Utilization of Streptokinase and t-PA for 
Occluded Coronary Arteries (GUSTO-I) trial in Israel and re- 
ceived intravenous thrombolytic therapy. Patients with an ST 
segment elevation >0.1 mV in at least two of the inferior leads 
were included. Patients were classified into four groups on the 
basis of their admission ECG: group I = patients with no 
precordial ST segment depression (n = 346); group II = those for 
whom the sum of ST segment depression i  leads Vl to V3 was 
greater than that in leads ¥4 to V6 (n = 700); group III = those for 
whom the sum of ST depression i leads Vm to V3 was equal to that 
in leads V 4 to V 6 (n = 162); group 1V = those with maximal ST 
depression i  leads V4 to V6 (n = 113). 
Results. The overall hospital mortality rate was 3.6% (48 
patients): for groups I, II, III and IV it was 2.9%, 2.8%, 4.3% and 
9.7%, respectively. Multivariable logistic regression analysis con- 
firmed that hospital mortality was independently associated with 
the pattern of precordial ST segment depression. The odd ratios 
in group IV relative to group I was 2.78 (95% confidence interval 
1.26 to 6.13, p = 0.007). 
Conclusions. The risk of mortality is higher in patients with an 
inferior myocardial infarction and maximal ST segment depres- 
sion in precordial leads V 4 to V 6 versus precordial leads V1 to V 3 
on the admission ECG. 
(JAm CoU Cardiol 1996;28:313-8) 
In the era of thrombolytic therapy and various forms of 
invasive revascularization, it is increasingly important to iden- 
tify patients with an acute myocardial infarction who are likely 
to develop complications during the early phase of infarction. 
This is especially true for inferior myocardial infarction, which 
is considered to have a more favorable prognosis than anterior 
myocardial infarction but includes high risk subgroups with 
increased mortality and morbidity (1). 
Because of its widespread availability and low cost, the 
12-lead electrocardiogram (ECG) remains one of the most 
cost-effective and noninvasive ways to confirm myocardial 
infarction. Abundant published reports associate various ECG 
patterns of inferior myocardial infarction with high morbidity 
and mortality (1-14). In particular, ST segment depression i  
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precordial leads has been associated with a larger infarction 
(2-6), worse wall motion abnormalities (3-7), lower ejection 
fraction (3-8) and a higher rate of short- and long-term 
complications and mortality (2,5,6,8-11), even with reperfu- 
sion therapy (12-14). However, most previous tudies of the 
prognostic significance of precordial ST segment depression i  
inferior myocardial infarction have not differentiated among 
the various patterns of ST segment depression. 
Ishikawa et al. (15), studying 92 patients with an acute 
inferior wall myocardial infarction, found that patients with 
precordial ST segment depression i  leads V 1 to V 4 had higher 
peak creatine kinase (CK) values than patients without pre- 
cordial ST segment depression. They reported higher compli- 
cation rates among 17 patients with ST segment depression i  
leads V t to V 4 than in 27 patients without precordial ST 
segment depression, 10 patients with ST segment depression i
leads V 2 to V 5, 13 patients with ST segment depression in V 3 
to V6 or 25 patients with ST segment depression i  leads V1 to 
V6. 
Recently, a retrospective study of 213 patients with an 
inferior wall myocardial infarction (113 patients were treated 
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Figure 1. Representative admission electrocardiogram of patients 
with an inferior acute myocardial infarction in each of the four groups: 
group I = no precordial leads with ST segment depression; group II = 
ST segment depression i leads V 2 and V3; group I I I=  ST segment 
depression in leads V 2 to V6; group IV = ST segment depression 
mainly in leads V4 to V 6. 
with thrombolytic therapy) demonstrated that patients with 
maximal ST segment depression i leads V4 to V6 are at higher 
risk for hospital mortality than patients with maximal ST 
segment depression i  leads V1 to V3 (16). 
The current retrospective analysis assessed the prognos- 
tic significance of the various patterns of precordial ST 
segment depression on the admission ECG in 1,321 patients 
with an inferior myocardial infarction treated with throm- 
bolytic therapy. 
Methods  
Patients. All patients with an inferior myocardial infarction 
who enrolled in the Global Utilization of Streptokinase and 
t-PA for Occluded Coronary Arteries (GUSTO-I) trial in 25 
medical centers in Israel were included in the analysis. Patients 
were admitted within 6 h of onset of symptoms, with chest pain 
lasting at least 20 rain accompanied by ECG signs ->0.1-mV ST 
segment elevation in at least wo leads (II, III or aVF). Patients 
with intraventricular conduction defects, ventricular hythm, 
ventricular pacing or ECG evidence of left ventricular hyper- 
trophy were excluded. All patients received either streptoki- 
nase, front-loaded tissue-type plasminogen activator (t-PA) or 
a combination of streptokinase and t-PA according to the 
GUSTO-I protocol (17). All patients received oral aspirin, 160 
to 325 mg/day, and either intravenous or subcutaneous heparin 
for at least 48 h. 
The following data were recorded: gender, age, history of 
diabetes mellitus, hypertension, previous infarction, angina 
pectoris, smoking status, Killip score on admission, time 
elapsed from onset of symptoms to thrombolytic therapy, type 
of thrombolytic therapy, worst Killip score, peak serum CK 
levels, occurrence of reinfarction and hospital mortality. 
Electrocardiographic evaluation. The number of leads in 
the entry ECG with ST segment elevation (---0.1 mV for limb 
leads and ->0.2 mV for precordial leads) was recorded. The 
degree of ST depression was determined for all precordial 
leads (measured manually to the nearest 0.05 mV, 0.06 s after 
the J point). Patients were classified into the following four 
groups on the basis of the admission ECG (Fig. 1): group I = 
no precordial ST segment depression (ST segment depression 
<0.1 mV in each of the precordial leads); group II = ST 
segment depression ->0.1 mV in more than one precordial lead 
with maximal ST segment depression i leads V 1 to V3; group 
I I I=  ST segment depression >--0.1 mV in more than one 
precordial lead with the sum of ST segment depression i VI to 
V3 equal to that in V 4 to V6; and group IV : ST segment 
depression ->0.1 mV in more than one precordial lead with 
maximal ST segment depression i  leads V4 to V6. 
Statistical analysis. Mean values + SD were calculated for 
continuous variables (age, time from onset of symptoms and 
serum CK levels), and absolute and relative frequencies were 
measured for discrete variables. For continuous variables, 
differences between groups were analyzed statistically by one- 
way analysis of variance. The chi-square test was applied to 
compare differences between discrete variables. A logistic 
regression model was fitted. The dependent variable was 
hospital mortality, and the independent variables were gender, 
age, history of diabetes mellitus, hypertension, previous myo- 
cardial infarction, angina pectoris, smoking status, time from 
onset of symptoms to therapy, Killip score on admission, 
number of leads with ST segment elevation and type of ST 
segment depression in the precordial leads. Odds ratio and 
95% confidence intervals were calculated from the estimate 
variables of the logistic regression model. All tests of signifi- 
cance were two-tailed; p values <0.05 were considered statis- 
tically significant. 
Results 
Baseline characteristics of patients. The study cohort in- 
cluded 1,321 patients (1,020 men; mean age 59.6 - 11.9 years). 
The baseline characteristics of the patients in the four groups 
are presented inTable 1. The average age was slightly lower in 
group I and higher in group IV. The proportion of men was 
lower in group II and highest in group IV. Patients in group IV 
had the highest rates of hypertension, previous angina pectoris 
and previous myocardial infarction. There was no difference in 
the location of the first myocardial infarction among patients 
with previous myocardial infarction among the four patient 
groups. The proportion of patients assigned to the various 
thrombolytic strategies and the time elapsed from onset of 
symptoms to thrombolytic therapy did not differ significantly 
among the groups. The mean number of leads with ST segment 
elevation was highest in group II and lowest in group IV. 
Clinical outcome ispresented inTable 2. Group IV patients 
more frequently had hypotension, second- and third-degree 
atrioventricular block, ventricular fibrillation episodes and 
asystole. The incidence of decompensated left ventricular 
function (Killip score III and IV) was greater in groups III and 
IV than in groups I and II. Peak serum CK levels were maximal 
in group II and relatively low in group IV. A total of 48 patients 
(3.6%) died. The hospital mortality rate was lowest in patients 
without precordial ST segment depression (2.9%) and in those 
with maximal ST depression in leads V 1 to V3 (2.8%). The 
mortality rate was higher in groups III and IV (4.3% and 9.7%, 
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Table 1. Baseline Characteristics of the Four Patient Groups 
Group I Group II Group III Group IV Total 
(n - 346) (n = 700) (n = 162) (n - 113) (n - 1,321) p Value 
Men 80.5 73.6 79.6 84. l 77.1 0.01 
Age (yr) 58.3 _+ 12.0 59.6 + 11.8 60.5 + 11.9 62.1 + 12.4 59.6 + 11.9 0.02 
Previous infarction 16.4 15.0 15.4 29.2 16.6 0.002 
Previous angina 34.8 32.1 32.7 41.6 33.7 NS 
Hypertension 35.6 30.7 34.6 40.7 33.3 NS 
Diabetes mellitus 26.7 16.1 16.7 15.0 18.9 0.0002 
Current smoking 41.7 43.3 51.2 47.8 44.2 NS 
Time from onset of pain to thrombolysis (rain) 190 ± 126 186 _+ 130 171 _+ 79 189 + 87 185 + 120 NS 
Killip score on admission >I 13.2 13.2 I6.7 15.9 13.9 NS 
No. of leads with ST elevation 3.2 + 0.9 3.6 _+ 1.1 3.0 _+ 0.4 2.9 _+ 0.3 3.4 + 1.0 < 0.0001 
Therapy 
SK+ SQ Hep 22.5 26.1 23.5 26.5 26.8 NS 
SK+ IV Hep 29.4 25.6 29.0 23.0 24.9 
t-PA+ IV Hep 23.1 25.9 26.5 24.8 25.1 
SK+ t-PA 25.1 22.4 21.0 25.7 23.2 
Data presented are mean value ± SD or percent of patients. Hep = heparin; IV - intravenous; SK = streptokinase; SQ = subcutaneous; t-PA = tissue-type 
plasminogen activator. 
respectively). The mortality rate from cardiac causes was 2.6%, 
2.6%, 3.7% and 9.7% for groups I, II, III and IV, respectively 
(Table 2). The hospital and cardiac mortality rates in patients 
without prior acute myocardial infarction were 2.4% and 2.1%, 
1.8% and 1.7%, 3.6% and 2.9% and 5.0% and 5.0% for groups 
I, II, III and IV, respectively (group IV vs. groups I and II, p = 
0.1 and p = 0.08 for total and cardiac mortality, respectively), 
whereas for patients with a prior myocardial infarction, the 
hospital and cardiac mortality rates were 5.3% and 5.3%, 7.6% 
and 6.7%, 8.0% and 8.0% and 21.2% and 21.2%, respectively 
(group IV vs. groups I and II, p = 0.016 and p = 0.01 for total 
and cardiac mortality, respectively). The incidence of reinfarc- 
tion did not differ among the four groups. 
Multivariable logistic regression analysis (Table 3) con- 
firmed that hospital mortality was independently associated 
with the pattern of precordial ST segment depression on the 
entry ECG. Thus, odds ratio in group IV relative to group I
was 2.78 (95% confidence interval [CI] 1.26 to 6.13, p = 0.007). 
Because the mortality rate in patients without left precordial 
ST depression (groups I and II) was similarly low, multivari- 
able analysis examined hospital mortality in group III and 
group IV separately, versus groups I and II combined. The 
odds ratio for mortality was 1.61 (95% CI 0.66 to 3.96) in group 
III versus groups I and II and 3.02 (95% CI 1.34 to 6.81) for 
group IV versus groups I and II (p = 0.01). 
Discuss ion  
The present study confirms earlier eports (1-16) showing 
that among patients with an inferior myocardial infarction, 
prognosis, especially among patients with a prior infarction, is 
worse for those with precordial ST segment depression, even 
Table 2. Outcome by Patient Group 
Group I Group II Group II1 Group IV Total 
(n = 346) (n = 700) (n = 162) (n = 113) (n 1,321) p Value* 
Hypotension 2.9 4.1 3.1 8.0 5.3 0.03 
2nd or 3rd degree AVB 8.3 9.0 10.5 15.0 9.5 0.06 
Ventricular fibrillation 3.2 3.4 4.3 8.8 3.9 0.02 
Asystole 3.2 3.1 4.3 6.2 3.5 NS 
Reinfarction 4.3 4.0 3.1 4.4 4.0 NS 
Worst Killip class 
I 82.7 79.2 72.2 76.1 79.0 0.0001 
II 13.0 16.7 17.9 10.6 15.3 - -  
IIl 1.7 2.1 6.8 5.3 2.9 - -  
IV 2.6 2.0 3.1 8.0 2.8 - -  
Hospital mortality 
Total 2.9 2.8 4.3 9.7 3.6 0.003 
Cardiac 2.6 2.6 3.7 9.7 3.3 0.001 
Peak CK (IU) 630 ± 967 1,320 _+ 1,472 1,074 + 1,157 902 + 1,251 1,074 _+ 1,332 < 0.0001 
*Group IV versus group I. Data presented are mean value _+ SD or percent of patients. AVB = atrioventricular 
block; CK = creatine kinase. 
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Table 3. Baseline Characteristics Independently Associated With 
Hospital Mortality 
Odds p 
Ratio 95% CI Value 
Gender (female vs. male) 2 .21  1.12-4.37 0.016 
Age 
60-69 vs. <60 yr 2.32 0.75-7.16 0.0001 
>70 vs. <60 yr 8 .83  3.26-23.9 
Previous AMI 2.96 1.53-5.73 0.0007 
Killip score on admission (>I vs. I) 2.87 1.46-5.61 0.0001 
Pattern of precordial ST segment 2.78 1.26-6.13 0.007 
depression, group IV vs. group I
AMI ~ acute myocardial infarction; CI = confidence interval. 
with thrombolytic therapy. In particular, the mortality rate is 
increased among those with maximal ST depression i leads V4 
to V 6. Although the difference in mortality between patients 
with predominantly V 1 to V 3 versus those with predominantly 
V4 to V 6 precordial ST depression was more prominent among 
patients with a previous infarction, a similar trend also existed 
among patients without a previous infarction. The lack of 
significance of this difference among the patients without a 
previous infarction was probably related to the small number 
of patients in group IV (80 patients) and the overall low 
mortality rate in patients with a first inferior myocardial 
infarction. 
The admission ECG offers an immediate prognostic evalu- 
ation tool, irrespective of the success of the thrombolytic 
therapy initiated after it is recorded. Also, ST segment depres- 
sion on precordial eads V4 to V6 in patients treated with 
thrombolytic therapy is also prognostically significant for pa- 
tients with an inferior myocardial infarction who do not receive 
thrombolytic therapy (16). 
Etiology of precordial lead ST segment depression. The 
etiology of precordial lead ST segment depression during the 
acute phase of an inferior myocardial infarction has been 
extensively investigated, with conflicting results (2-14,18,19). 
The magnitude of ST segment deviation in precordial leads is 
influenced by many factors including the size (2-6,9,19,20) and 
exact location of the infarct and the presence of left anterior 
descending coronary artery disease (20-22) or three-vessel 
disease (21,22). However, most studies have focused only on 
ST segment changes in leads V1 to V4 (12,14,18). More 
pronounced ST segment depression i  precordial leads V 1 to 
V 3 has been associated with posterior, inferoseptal nd lateral 
left ventricular involvement (23-25), whereas right ventricular 
involvement attenuates ST segment depression i  leads V 1 to 
V3, or may even cause precordial ST segment elevation (26). 
Persistence of ST segment depression i leads V 1 to V 3 over 
24 h after admission has been reported to signify a larger 
infarct size and higher 1-year mortality rate (27). It is possible 
that patients with persistent ST segment depression i leads V 1 
to V3 have a larger ischemic area as a result of posterior wall 
involvement and lack of efficient reperfusion. 
Although ST segment depression confined to leads V1 to V 3 
is not associated with left anterior descending coronary artery 
stenosis or three-vessel disease (7,18,21), ST segment depres- 
sion in leads V 5 and V 6 is usually associated with multivessel 
coronary disease, especially with concomitant left anterior 
descending artery stenosis (21,22,28). Moreover, Sclarovsky et 
al. (28,29) have shown that ST segment depression i leads V4 
and V s in patients with unstable angina suggests ignificant left 
main or left main equivalent coronary artery disease and 
signifies an ominous prognosis. 
Prognostic significance of different patterns of preeordial 
ST segment depression. The hospital mortality rate in patients 
with an inferior myocardial infarction in our Israeli study 
group (3.6%) was lower than that reported for the total 
inferior infarction study population (4.7% to 5.3%) (17). This 
finding of lower mortality among the Israeli patients is similar 
to our observation i an earlier large-scale multinational study 
(30). 
Patients without precordial ST segment depression (group 
I) had a smaller infarction (as manifested by the lower peak 
serum CK levels) and a low hospital mortality rate (2.9%). 
Patients with predominantly precordial ead V 1 to V 3 ST 
segment depression (group II) had higher peak CK levels and 
more leads with ST segment elevation than those of group I, 
probably because of larger infarctions resulting from addi- 
tional posterior and lateral wall involvement (14,23-25). How- 
ever, development ofheart failure or cardiac and total hospital 
mortality did not differ between these groups. These findings 
contradict previous reports that early mortality is higher in 
patients with ST segment depression i leads Va to V 3 than in 
those without precordial ST depression (1-14). However, ST 
segment depression in leads V 4 to V 6 was not measured in 
those studies, and thus, patients with maximal ST segment 
depression in leads V4 to V6 may have been included (as in 
groups III and IV). 
Ishikawa et al. (15) found that the complication rates in the 
17 patients with ST segment depression i leads V 1 to V 4 were 
higher than those in patients with other types of precordial ST 
segment depression (leads V2 to Vs, V 3 to V6 and V1 to V6). 
However, in that relatively small study, ST segment depression 
was not classified according to the specific leads where ST 
segment depression was maximal in our study. 
It is also possible that early rapid washout of CK, especially 
among patients treated with thrombolytic therapy, may have 
influenced the level of its peak. The potential etiologic differ- 
ences in coronary anatomy among the four patient groups may 
have also contributed to different reperfusion responses and 
thus to differences in CK peak levels. 
Our data corroborate the results of Hasdai et al. (16), 
although the overall mortality rate in the latter study (which 
included patients not treated with thrombolytic therapy) was 
higher than that in our study. Patients without prccordial ST 
segment depression and patients in whom the sum of ST 
segment depression in precordial leads V 1 to V 3 equaled or 
exceeded the sum in precordial leads V 4 to V 6 had a similar 
mortality rate (11.6% and 9.7%, respectively). ST segment 
depression predominantly in precordial leads V 4 to V 6 was 
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associated with an increased mortality rate (41%) and decom- 
pensated left ventricular function. Multivariable logistic re- 
gression analysis confirmed that ST segment depression in the 
left precordial leads (V4 to V6) was significantly associated 
with a higher mortality (odds ratio 4.86, 95% CI 1.93 to 12.26) 
(16). The comparatively lower mortality rate found in the 
present study in patients with ST segment depression predom- 
inantly in precordial eads V4 to V6 (9.7%) is probably related 
to the difference in case mix; 47% of the patients in the earlier 
study were not treated with thrombolytic therapy because of 
cardiogenic shock, resuscitation or other contraindications. 
The increased hospital mortality associated with ST seg- 
ment depression in precordial eads V4 to V 6 may reflect more 
severe coronary artery disease in these patients (21,22,28). 
Unfortunately, routine coronary angiography was not per- 
formed; therefore, we cannot substantiate this assumption. 
Study limitations. Right ventricular infarction was re- 
ported to be an independent predictor of hospital mortality 
after inferior myocardial infarction (31). Because neither 
routine echocardiographic evaluation or right ECG recording 
(leads V3R and V4R) on admission was required in our study, 
concomitant right ventricular infarction was not consistently 
recorded and was therefore not part of the multivariable 
analysis. Because right ventricular infarction is expected to 
attenuate ST segment depression in leads VI to V3 (25,32), or 
even to cause ST segment elevation in these leads (26), 
patients with right ventricular infarction could have been 
included in group I or IV (the groups without ST segment 
depression in leads Va to V3). However, we found that for 
patients both with and without ST segment depression in 
precordial eads Vt to V3, the mortality rate was relatively low 
in those without ST segment depression in precordial eads V4 
to V6. However, it is possible that adding right ventricular 
infarction to the model might have increased the accuracy of 
the risk estimation by the admission ECG even further. 
Conclusions. Patients with an inferior wall acute myocar- 
dial infarction and maximal ST segment depression in the left 
precordial leads (V 4 to V6) on the admission ECG are at 
particularly high risk for heart failure and death. Because the 
prognosis is poor despite intravenous thrombolytic therapy, 
more aggressive therapeutic measures, including primary or 
rescue mechanical revascularization, may be indicated. 
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